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 Abstract 

Environmental issues have become an important consideration to be included in business operations. 

One of the main environmental problems in the wood industry is the high production of wood waste 

and increasing scarcity and cost of raw materials. For this reason, companies need to utilize wood 

waste to reduce material costs and, at the same time, reduce the impact of waste on the environment. 

Converting wood waste into products that can be sold will increase its economic value. This research 

aims to identify the types of waste from a furniture company and reduce waste by designing various 

products made from wood waste. Wood chips are wood waste that have the potential to be reused. 

Waste wood chips from the materials station can be used to create bedside table products. The bedside 

table was chosen because of its high selling price, and the company could make it with its existing 

resources. Apart from that, the company still needs to expand its variety of bedside tables. The bedside 

table was designed using the TRIZEE method. TRIZEE is a method that combines eco-efficiency with 

40 TRIZ principles, which can reduce environmental impacts in alignment with company goals. The 

design process resulted in 4 bedside table variations. Production capacity is estimated to produce 56 

bedside tables per month. If scrap waste is successfully used as bedside table material. Apart from 

saving raw materials, the company will be able to reduce wood waste and gain greater profits from 

waste utilization. 
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1. Introduction 

Environmental issues have become a central topic of discus-

sion, especially in academic fields, as there is widespread 

recognition that environmental challenges directly impact hu-

man daily life (Platcheck et al., 2008). Increasing public 

awareness of environmental issues requires companies to con-

tinuously increase awareness of environmental management. 

Because of this demand, many company stakeholders have be-

gun integrating environmental management considerations 

into company's production activities (Wong et al., 2010). En-

vironmental management means carrying out sustainable stra-

tegic planning activities through the maintenance manage-

ment process and determining the direction and objectives of 

the management to be implemented (Kiurski et al., 2017). 

Environmental management aims to minimize waste disposed 

into the environment and reduce its impact on human health. 

The concept of socio-economic development and sustainable 

environmental management in the current era has been used 

as a basis for building plans that cover all human activities, 

especially in the manufacturing industry (Romeiro, 2012). The 

environmental management process is a long-term and sus-

tainable activity so this process will have significant impacts 

and consequences for the company. Therefore, it is essential 

to identify the impact of implementing sustainable environ-

mental management earlier to minimize or prevent the nega-

tive impacts and replace them with profitable investments for 

the company (Kiurski et al., 2017). Sustainable environmental 

management is done by efficiently reducing waste discharged 
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into the environment and using natural resources (Deutz et al., 

2013). 

Waste is defined by the European Parliament and Council 

(2008) as anything in the form of chemicals or components 

that are disposed of or required to be disposed of into the en-

vironment. Waste in the form of gas is not defined as waste in 

the 2008 directive but is categorized as emissions. Waste 

comes from remaining raw materials or additional materials 

that could be used more efficiently. One way that can be used 

to reduce the amount of waste is to use it as a secondary raw 

material for producing goods. 

Wood waste is one of the most common types of waste pro-

duced by the wood processing industry. This happens because 

the wood processing industry, both the primary wood pro-

cessing industry (sawmills) and secondary wood processing 

industries such as the furniture and plywood industries, need 

higher efficiency in using materials. The sawmill industry pro-

duces wood waste as much as 40.48% of the raw materials 

used. In contrast, the furniture industry produces more waste, 

54.81% of the total volume of raw materials (Purwanto, 2009). 

This number is enormous because over half of the raw mate-

rials are wasted. In Indonesia, there are 1,114 companies in the 

furniture industry sector spread across various regions, with a 

total production capacity of 2.9 million tons per year (Ministry 

of Industry of the Republic of Indonesia, 2021). The develop-

ment of the furniture industry in Indonesia has experienced 

significant progress which can be seen in the increasing num-

ber of furniture exports in Indonesia. According to the data 

from the Ministry of Industry of the Republic of Indonesia 

(2021), the export performance of the furniture industry grew 

positively by 8.04% in the first quarter of 2021. The large 

number of furniture industries in Indonesia and their increas-

ing production volumes correspond with the increasing 

amounts of wood waste. Generating large amounts of waste 

leads to financial losses for companies due to increased raw 

material costs while also harming the environment. For this 

reason, it is necessary to increase the efficiency of using raw 

materials or utilizing the resulting waste into products that 

have sales value. Wood waste can be used as a secondary re-

source to produce goods or as an energy source (Kim and 

Song, 2014). The raw material of logs can be replaced by us-

ing wood waste to save costs for transportation and reduce the 

amount of industrial waste discharged into the environment 

(Jungmeier et al., 2002).  

Wood waste can be utilized using sustainable manufactur-

ing principles in three fields, which include economic, envi-

ronmental, and social. Utilization of wood waste in the eco-

nomic sector can be by selling the waste directly to the wood 

processing industry or by processing the waste first into prod-

ucts with high selling value (Ng et al., 2014). The profits ob-

tained by companies from direct waste sales are tiny and can-

not be used to cover losses. Companies will gain greater 

profits if they process wood waste first to increase selling 

value, such as activated charcoal, charcoal briquettes, particle 

board, furniture made from waste, craft materials, furniture 

resin, etc. Activated charcoal is carbon material processed at 

high temperatures to create a highly porous structure that en-

hances its adsorption capacity. (Pari et al., 2009). Charcoal 

briquettes are activated charcoal from carbonization, which is 

further processed into briquettes (Hapid et al., 2018). Charcoal 

briquettes from sawdust can be used as an alternative energy 

source as a substitute for kerosene and firewood (Bahri, 2007). 

Particle board is a wood material made from sawdust and then 

compacted through a chemical process using high pressure 

and temperature (Ng et al., 2014). The result is pieces of ply-

wood in various sizes, which can be further processed for in-

terior needs, furniture, flooring and others (Cahyana, 2013). 

When viewed in terms of price, particle board is cheaper and 

quite popular. Particle boards will last longer if used in a well-

ventilated space if it is not exposed to rain or moisture 

(Cahyana, 2013). Furniture made from waste is wood that can 

be used as a secondary raw material to produce furniture (Kim 

and Song, 2014). Waste from cutting the ends of logs can also 

be used to make crafts (Sumarno et al., 2016) and materials 

for making furniture with the addition of resin to increase the 

artistic value that can be sold (Souza et al., 2018).  

Wood waste can be used as a secondary resource. A variety 

of products can be made from wood waste. Wood waste can 

also be used to produce furniture products such as tables, 

chairs and others from composite boards (Yang et al., 2007),  

gallon racks (Sari et al., 2024a), particle boards (Ng et al., 

2014), resin furniture (Souza et al., 2018), natural energy 

sources (Abi Chahla et al., 2016), light brick mixtures (Purba 

et al, 2017), charcoal briquettes (Bahri, 2007), activated char-

coal (Pari et al., 2009), crafts, souvenirs, decorations walls 

(Sutarman, 2016) and craft materials (Sumarno et al., 2016). 

From a social perspective, this will undoubtedly allow compa-

nies to add new production land. Opening new production land 

will require labour. Opening new job opportunities will reduce 

unemployment and increase people's welfare (Vinyes et al., 

2013; Safarian et al., 2018). Wood waste from industrial pro-

cessing can cause environmental damage if not appropriately 

managed. On the other hand, good waste management can im-

prove nearby environmental problems. Recycling waste can 

minimize waste that must be disposed of in the environment 

(Sari et al., 2024b; Ripa et al., 2014). 

PT X is a manufacturing company operating in the furniture 

industry in Semarang City, Central Java. The primary raw ma-

terial used is trembesi wood. The products produced are fur-

niture items such as coffee tables, bedside tables, standing 

lamps, dining tables, office chairs, hat hangers, etc. In its pro-

duction process, PT X produces a lot of waste. Most wood 

waste comes from the sawmill and material processing pro-

cess. It was recorded that the waste produced in one produc-

tion period was 125 m3 from a total of 230 m3 of raw materials. 

Inappropriate waste management will cause environmental 

pollution (Hanisah et al., 2013). Currently, the company sells 

80% of its wood waste, while storing the remaining 20% in 

warehouses for local production. Wood waste is sold at IDR 

25,000 per m3. By utilizing wood waste to create new prod-

ucts, the selling price of the new product may be higher than 

selling the wood waste itself. Additionally, the procurement of 

wood raw materials is reduced, thereby reducing transporta-

tion costs. 

One of the products that is selling well on the market with 

little variation is the bedside table product. This product will 
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also likely be made from waste wood chips because the di-

mensions are small. Increasing the variety of bedside table 

products will increase selling power to consumers. A bedside 

table is a small table designed to be placed next to the bed or 

elsewhere in the bedroom. Modern bedside tables usually have 

one or more drawers or shelves with small doors. This table is 

often used to place or store items that might be useful at night, 

such as a night light, alarm clock, reading material, telephone, 

glasses, drinks, or medicine. It is necessary to carry out a prod-

uct design process to increase the variety of bedside table 

products. Therefore, this research hopes that companies will 

be able to diversify their products to utilize wood waste into 

products with sale value. Before producing a bedside table 

product, the company must conduct a series of production pro-

cesses. One of the critical stages in the production process is 

the product design process. Previous researchers have em-

ployed various design methods, including Value Engineering 

(VE), which was applied to irrigation canal design. (El-Nashar 

and Elyamany, 2018), Quality Function Deployment (QFD) to 

design sand processing machines (Fan et al., 2017), Kansei 

Engineering (KE) to design rubber keypads in vehicles (Vieira 

et al., 2017) and Teknologiya Resheniya Izobretatelskikh Za-

datch (TRIZ) to design water filters and washing machines 

(Sheng and Kok-Soo, 2010). Among these methods, TRIZ has 

the advantage of solving the most challenging problems with 

known but unknown causes and search directions (Zhang et 

al., 2003). This method provides a systematic way of innova-

tion, solving problems creatively, ensuring that new possible 

solutions can be found and continue to produce innovations 

and create solutions to problems (Barry et al., 2010). TRIZ can 

also generate new ideas and use innovative principles to pro-

duce creative solutions (Chai et al., 2005). 

The product design in this research is an eco-design carried 

out using the TRIZEE method, which uses 40 TRIZ principles 

combined with seven eco-efficiency elements that can reduce 

environmental impacts. This method has yet to be widely used 

in the product design process, especially for materials made 

from waste raw materials. Eco-efficiency is the ratio between 

added value and additional environmental impact or between 

economic and ecological performance indicators because the 

main goal is sustainable development  (Caiado et al., 2017; 

Zhang et al., 2021). Eco-efficiency creates added value by 

meeting customer needs while reducing environmental im-

pacts (Bartolomeo et al., 2003). TRIZEE method considers 

ecological aspects in the design process. These ecological as-

pects are translated into the design process using the 40 TRIZ 

principles. TRIZEE can be used for designing several types of 

products. This study focuses on designing furniture from re-

cycled wood waste. Based on the literature study, the use of 

TRIZEE has not been widely studied and no previous research 

has utilized the TRIZEE methodology to design furniture 

products using wood waste. Highlighting this topic is crucial 

as it explores the potential of transforming waste into valuable 

products through an environmentally friendly production pro-

cess, contributing to sustainable development and resource ef-

ficiency. This research aims to design a bedside table by uti-

lizing wood furniture waste using the TRIZEE methodology.  

This research is expected to provide alternative product 

designs utilizing wood furniture waste, thereby diversifying 

products, increasing profitability, and reducing costs. 

2. Literature review 

2.1. Sustainable manufacturing 

Sustainable manufacturing minimizes waste and reduces en-

vironmental impacts (Rao, 2013). The triple bottom line of 

sustainable development encompasses three main aspects: 

economic, environmental, and social. (Elkington, 1998). 

These three aspects are related, namely environmental and so-

cial issues that regulate environmental and natural resource 

protection laws (Rosen and Kishawy, 2012). Furthermore, in 

the environmental and economic aspects, there are regulations 

regarding subsidies/incentives and taxes/fines to promote ef-

ficiency and environmental management. The economic and 

social aspects include corporate social responsibility, business 

ethics, and worker protection. Sustainability indicators in sus-

tainable manufacturing are also described in three aspects, 

with many factors influencing them (Pathak et al. 2017). 

Sustainable manufacturing produces products that, during 

the production process, have a minimal negative impact on the 

environment; can save energy and natural resources; are safe 

for employees, society and consumers; are economically 

healthy (Menzel et al., 2010) and respect all workers socially 

and creatively (Pathak et al., 2017), however, it can maintain 

and/or improve product and process quality (Jawahir et al., 

2013). Several factors have an essential role in influencing the 

manufacturing paradigm and encouraging the development of 

sustainable manufacturing concepts, such as product and sys-

tem complexity, environmental concerns, lack of information 

regarding integration, and technological advances (Berkel et 

al., 2006). One of the efforts is to create a closed loop, where 

a circular production system focuses explicitly on revitalizing 

discarded products into new resources for production (Pathak 

et al., 2017), Sustainable manufacturing includes four product 

life cycle stages (pre-manufacturing, manufacturing, use and 

post-use). It follows the 6R methodology (reduce, reuse, recy-

cle, recover, redesign and remanufacture) (Badurdeen and 

Jawahir, 2017; Zhang et al., 2013) such as reused second-hand 

fashion (Wicaksono et al., 2024), upcycled apparel (Sari et al.,  

2024c), and recycled electronic waste (Sari et al., 2023). The 

6R concept is rooted in the cradle-to-cradle concept, a multi-

generation life cycle with continuous and sustainable loop 

flow (Bradley et al., 2018). The product life cycle is the basis 

for sustainable manufacturing (Jawahir and Bradley, 2016). 

Sustainable production means making the best use of natural 

resources, minimizing waste and pollution, and investing in 

people to build a long-term successful business. Sustainable 

production begins at the design stage, where companies focus 

on producing products more efficiently, reducing waste, pro-

tecting the environment, and being socially responsible. De-

signers are the first to consider how a new product will be 

made and what materials it will be made of. Therefore, the de-

sign stage is critical to reduce costs, increase productivity, and 

develop innovative, sustainable consumer products. Product 

design determines the type and quantity of raw materials 
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required, energy and waste generated during production, and 

whether the product can be recycled. 

2.2. Element of eco-efficiency 

Eco-efficiency arises from the desire to reduce negative 

things in management (Huppes and Ishikawa, 2005).  Eco-ef-

ficiency is a clean production strategy, a preventive and inte-

grated environmental management strategy continuously ap-

plied to the production process and product life cycle to reduce 

risks to humans and the environment (UNEP, 2004). The goal 

of eco-efficiency is to reduce material costs, energy, and the 

ecological impact of production throughout all stages of the 

life cycle (Wang et al., 2020; Wang et al., 2022). Eco-effi-

ciency can be achieved by providing competitively priced 

goods and services that satisfy human needs and improve the 

quality of life while progressively reducing ecological impacts 

and reducing the intensity of resource use throughout the prod-

uct life cycle to a level at least equal to the earth's estimated 

carrying capacity (WBCSD). Ecoefficiency is a tool for ana-

lysing economic inputs and outputs, resources and the envi-

ronment of complex ecosystems (Chen and Liu, 2022).  Eco-

efficiency is the ratio between economic added value and en-

vironmental burden over a certain period (Chen and Liu, 2022; 

Islam et al., 2020; Tang et al., 2022), so it can be used to meas-

ure sustainability by looking at the achievement of economic 

and environmental targets (Findiastuti et al., 2020). Ecoeffi-

ciency is a tool for analysing economic inputs and outputs, re-

sources and the environment of complex ecosystems (Chen 

and Liu, 2022). Proper use of waste will increase eco-effi-

ciency values (Sari et al., 2023) 

There are several essential factors in eco-efficiency, such as 

reducing the amount of materials used, reducing the amount 

of energy used, reducing pollution, increasing material recy-

cling, maximizing the use of renewable natural resources, ex-

tending product life, and increasing service intensity 

(WBCSD, 2006). Elements of financial and/or environmental 

issues that concern stakeholders include the contribution to 

global warming, energy needs, waste, assets, liabilities, eq-

uity, income and expenditure, etc (UNCTAD, 2004). WBCSD 

(2006) defines four critical elements of ecoefficiency: reengi-

neering processes, reassessing by-products, redesigning prod-

ucts, and rethinking markets. Eco-efficiency elements, accord-

ing to Ichimura et al. (2009), include reducing material 

requirements, reducing energy intensity, reducing toxic mate-

rials, increasing material recycling, maximizing sustainable 

renewable resources, increasing product durability and in-

creasing service intensity. 

2.3. Product design 

Design is a professional service that develops specifications 

and concepts to optimize product functionality, value, and aes-

thetics while benefiting both users and manufacturers. The 

goals in the product design process include utility, appearance, 

ease of maintenance, low cost and communication. Product 

design must meet two dimensions, namely ergonomics and 

aesthetics (Ulrich and Eppinger, 2011), which have the objec-

tives of utility, appearance, ease of maintenance, low cost and 

communication. The approaches that can be taken in product 

design are original, adaptive, and variant design. Redesign is 

the term used for the three types of design above; redesign im-

plies that the product has several criteria that must be updated 

because it fails to carry out its function or requires adjustments 

to its new function. For this reason, redesign is carried out as 

a new solution to solve problems (Otto, 2003). 

Many methods can be used in the product design process, 

such as Value Engineering (VE), Quality Function Deploy-

ment (QFD), Kansei Engineering (KE) and Theory Resheniya 

Izobretatelskikh Zadatch (TRIZ). El-Nashar and Elyamany 

(2018) used VE to design canal tail irrigation, Fan et al. (2017) 

and Wang et al. (2017) used QFD to design sand processing 

machines and electric vehicles while KE to design vehicle rub-

ber keypads (Vieira et al., 2017). TRIZ to design water filters 

and washing machines (Sheng and Kok-Soo, 2010), friction 

stir welding (Hsieh and Chen, 2010), mouse design (Yang and 

Chen, 2011), and low-carbon design (Ren et al., 2017). Value 

Engineering (VE) is an intensive, interdisciplinary problem-

solving activity focused on increasing the value of the func-

tions necessary to achieve the goals of any product, process, 

service, or organization. VE is an organized approach to ana-

lysing system functions, equipment, facilities, services and 

supplies to achieve consistency with required performance, 

quality and safety. The highest performance in VE is achieved 

primarily when the primary goal is increasing value rather 

than reducing costs. QFD is a concept that provides a means 

to translate customer requirements into appropriate technical 

requirements in each stage of product development, such as 

marketing strategy, planning, product design and engineering, 

prototyping, evaluation, production process development, 

production, and sales (Chan and Wu, 2002). KE emerged in 

Japan in the 1970s, intending to incorporate customer affec-

tive responses into the product design to translate human emo-

tions into physical, measurable design specifications. The Jap-

anese word "Kansei" is an intuitive mental action in the form 

of impressions, such as positive or negative images arising 

from external stimuli. This approach was developed to max-

imize satisfaction with their purchase (Vieira et al., 2017). 

TRIZ is a problem-solving method based on logic and data, 

not intuition, accelerating the ability to solve problems crea-

tively. TRIZ can solve the most challenging problems with 

known but unknown causes and search directions (Zhang et 

al., 2003). This method provides a systematic way of innova-

tion, solving problems creatively, ensuring that new possible 

solutions can be found and continue to produce innovations 

and create solutions to problems (Barry et al., 2010). TRIZ can 

also generate new ideas and use innovative principles to pro-

duce creative solutions (Chai et al., 2005). Števko et al. 

(2023), Vanko et al. (2023) and  Ravinder Reddy et al. (2017) 

also carried out optimization of the tire building drum for pas-

senger tires, assembly devices of automated workplaces and 

diffusion welding system, while Hassanijajini and Gardoni 

(2022) for innovation for building design. Serban et al. (2005) 

say that TRIZ is suitable for a design that considers environ-

mental aspects (eco-design) to reduce the environmental im-

pact of engineering processes (Livotov et al., 2018).  
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Several previous researchers have carried out the eco-design 

process using the TRIZ method with 40 TRIZ principles 

(Solid Creativity, 2024) as shown in Table 1, including studies 

by Vinodh et al. (2014), Spreafico (2022), Russo et al. (2017), 

Fayemi et al. (2016), Ben Moussa et al., (2019) and Cherifi et 

al. (2015). Vinodh et al. (2014) used TRIZ for innovation and 

sustainable product development. Spreafico (2022) developed 

a strategy for substituting materials in the eco-design process. 

Russo and Spreafico (2020) used a TRIZ-based eco-improve-

ment guideline, while Russo et al. (2017) using based eco-de-

sign approach, Fayemi et al. (2016) and Ben Moussa et al., 

(2019) used based eco-design process. Russo et al. (2015) con-

ducted eco-innovation in SMEs with TRIZ Eco-guidelines. 

Cherifi et al. (2015) developed a methodology for innovative 

eco-design using TRIZ. From several researchers who have 

carried out eco-design with TRIZ, eco-efficiency-based de-

sign has not been widely used for designing products made 

from waste, especially furniture waste. So, this research de-

velops product designs made from furniture waste using the 

TRIZEE method, which is a product design method based on 

eco-efficiency. 

Table 1. 40 TRIZ principles (Solid Creativity, 2024) 

No Principle No Principle 

1 Segmentation 21 Skipping 

2 Taking out 22 Blessing in disguise or 

turn lemon into lemon-

ade 

3 Local Quality 23 Feedback 

4 Asymmetry 24 Intermediary 

5 Merging 25 Self Service 

6 Universality 26 Copying 

7 Nested Doll 27 Cheap short-living ob-

jects 

8 Anti-weight 28 Mechanical Substitution 

9 Preminilary anti-action 29 Pneumatics and hydrol-

ics 

10 Preliminary action 30 Flexible shells and thin 

films 

11 Beforehand cushioning 31 Porous material 

12 Equipotentiality 32 Colour changes 

13 The other way round 33 Homogenity 

14 Spheroidality-Curvature 34 Discarding and recover-

ing 

15 Dynamics 35 Parameter objects 

16 Partial or excessive ac-

tions 

36 Phase transition 

17 Another dimension 37 Thermal expansion 

18 Mechanical vibration 38 Strong oxidants 

19 Periodic action 39 Inert atmosphere 

20 Continuity of usefull 

action 

40 Composite material 

3. Research methods 

This research was conducted at PT X and focuses on in-

creasing the efficiency of using raw materials by utilizing 

wood waste. This research is classified as quantitative descrip-

tive research focussing on providing an overview of the com-

pany's wood waste processing system. The quantitative 

approach involved manual measurement, observation, and 

calculation of wood waste. 

The research is classified as an observational study because 

it employs direct observation to collect data on the object un-

der study. Observations are carried out to classify wood waste 

by observing and recording the condition of the wood waste. 

This study utilizes both primary data from direct observations 

and secondary data from company records. Waste classifica-

tion is carried out to make it easier to identify wood waste pro-

duced by PT X.  The wood waste classification data is then 

used as a reference to determine alternative products that can 

be made. References for the utilization of wood waste are 

made by searching from existing literature. An alternative 

product is selected to be designed using Solidwork software 

while determining the waste type to be used.  

3.1. Product design process 

TRIZEE is a design method that integrates eco-efficiency 

elements with 40 TRIZ principles developed by Sheng and 

Kok-Soo (2010). TRIZEE is used in product design to increase 

efficiency and environmental value. Design methods gener-

ally have design phases, namely problem origin, problem ex-

ploration, solution and evaluation (Sheng and Kok-Soo, 

2010). 

3.1.1. Problem origin 

Problems that trigger product design can come from internal 

and external factors of the company. Internal factors usually 

arise because management wants to increase product effi-

ciency. External factors are problems that originate from the 

environment outside the company, including problems from 

consumers, the government, or other stakeholders related to 

the company. 

3.1.2. Problem exploration 

According to Altshuller (1996), a problem must be as simple 

as possible. Sheng and Kok-Soo (2010) used a tool called 

OFFERS to explore the problem. OFFERS is an abbreviation 

for several things that must be considered in evaluating a prob-

lem, which consists of objectives, functions, factors, effects, 

requirements, and specifications (Field, 2006). The eco-effec-

tiveness elements used in designing products depend on the 

abilities of the designers. The eco-efficiency elements used in 

this research seven eco-efficiency elements used in the busi-

ness sector include reducing material requirements for good or 

material reduction  (MR), reducing energy intensity of goods 

or energy reduction (ER), reducing toxic dispersion (TR), en-

hancing material recyclability (RC), maximizing the sustaina-

ble use of renewable resources or resources sustainability 

(RS), extending product durability (PD), and increase the ser-

vice intensity of goods or product service (PS) (ESCAP, 

2009). 

During the problem exploration stage, the manager must be 

able to determine the constraints used in the bedside table de-

sign process. To assist in selecting eco-efficiency elements, a 

tool called the eco-efficiency element ranking matrix is used. 
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The use of the eco-efficiency element ranking matrix will be-

come easier if purpose, function and design factors are com-

bined. Eco-efficiency Element Ranking Matrix is a tool in the 

form of a matrix used to determine the value of the seven eco-

efficiency elements used in research. These seven elements 

are given weighted values according to the needs and objec-

tives of the bedside table product design. The weighting of 

values depends on the information the manager has. The seven 

elements are placed in horizontal and vertical positions in the 

matrix. A value of 1 is given to one element subjectively if it 

is more important than other elements. Other elements are 

given a value of 0. The element with the highest value will be 

prioritized for use first in design considerations. 

3.1.3. Solution generation 

Solution generation employs two strategies: concept analy-

sis and part analysis.  Concept analysis is generally used to 

produce a new product. The resulting new concept will be dif-

ferent from previously existing concepts. In this research, con-

cept analysis begins with interviews. Interviews were con-

ducted with managers and designer employees of PT X. 

Interviews were conducted to explore the concepts used in fur-

niture design, especially in bedside table products. Then, after 

conducting interviews, further information will be extracted 

through scientific journals to add references in designing bed-

side table products. Meanwhile, part analysis is used to de-

velop the parts in a product. This process is carried out using 

reverse engineering techniques. Part analysis is used more of-

ten than concept analysis because the process can be carried 

out over a shorter period.  

The core of the solution generation process is the use of 

TRIZEE design tools. TRIZEE provides structured solutions 

to existing problems by integrating 40 TRIZ principles with 

eco-efficiency elements, as shown in Table 2. After the eco-

efficiency elements are determined at the problem exploration 

stage, solutions can be generated using the 40 TRIZ principles 

in the TRIZEE design tools. Part analysis and concept analysis 

are carried out continuously until the required design specifi-

cations are found.  

Table 2. TRIZEE Design Tool (Sheng and Kok-Soo, 2010) 

Eco efficiency 

element 
TRIZ principles 

MR 1, 4, 5, 6, 7, 8, 9, 13, 14, 16, 17, 18, 23, 26, 28, 

29, 30, 31, 34, 35, 36, 37, 40 

ER 1, 5, 6, 7, 9, 10, 12, 13, 14, 16, 17, 18, 19, 20, 

23, 25, 26, 28, 29, 31, 38, 39 

TR 2, 9, 10, 11, 13, 16, 18, 21, 22, 23, 24, 30, 38, 39 

RC 1, 2, 9, 10, 11, 12, 13, 15, 21, 22, 24, 29, 32, 33, 

34, 35, 37 

RS 3, 8, 18, 25, 28, 36, 37 

PD 7, 9, 10, 11, 14, 39 

PS 1, 4, 5, 6, 7, 9, 10, 14, 15, 17, 18, 24, 25, 
 27, 29, 30, 31, 32, 36, 38, 39 

 

The 40 principles of TRIZ are a list of solutions that are widely 

known (Zhang et al., 2003). These solutions can inspire us to 

solve new problems and imagine innovative solutions. 

3.1.4. Evaluation 

The evaluation stage is used to determine improvements in 

environmental performance by comparing old products with 

new products or with competitor products. Evaluation of prod-

ucts being designed can be done using indicator calculation. 

The indicators proposed in the TRIZEE method are the eco-

efficiency ratio and the X-factor. This indicator provides 

quantitative indicators to evaluate the level of eco-efficiency 

of a product.  

Evaluation in this research uses one of the indicators which 

is the X-factor. The X-factor is used to measure quantitative 

progress in environmental efficiency implemented in bedside 

table products. The X-factor formula can be seen in Equation 

1. 

 

X-Factor =  
Eco−efficiency of the new product

Eco−efficiency of the old product
 (1) 

 

This research evaluates eco-efficiency by comparing X val-

ues between the old and new versions of the bedside table. 

There are 7 eco-efficiency elements used. The new version of 

the product will get a value of 1 if its efficiency level is higher 

than the old version, and a value of 0 if it is not more efficient. 

The old version is assigned a value of 1 if it is more efficient 

than the new version, and 0 if it is less efficient. 

4. Results and discussion 

4.1. Problem origin 

The product that will be designed in this research is a bed-

side table. A bedside table is a small table designed to be 

placed next to the bed or elsewhere in the bedroom. Modern 

bedside tables usually have one or more drawers or shelves 

with small doors. Bedside tables are designed and manufac-

tured in various styles, heights and materials that can be paired 

with other bed styles and bedroom furniture. In this research, 

bedside table products will be designed to increase product va-

riety. The current products so far have no issues in terms of 

design; however, since the raw material used is logs, this has 

resulted in the production of a significant amount of wood 

waste. To reduce this large amount of waste, a variety of bed-

side table products will be designed using raw materials in the 

form of waste wood chips. In variance design, a product needs 

a reference for development. Apart from that, when designing 

a bedside table product, it is important to be matched it with 

other furniture it accompanies in the same room. Compatibil-

ity with other furniture in the room must be considered to en-

sure harmony. In this research, the product used as a reference 

is the bedside table product, which can be seen in Figure 1. 

This design has the main objective of achieving eco-efficiency 

element point 4 (ESCAP, 2009), namely increasing material 

recycling. 
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Fig. 1. Bedside table design reference 

4.2. Problem exploration 

After identifying the eco-efficiency elements, they are 

ranked based on their importance. The ranking was carried out 

to determine the priority use of eco-efficiency elements at the 

TRIZEE design tools stage. The eco-efficiency Element 

Ranking Matrix is a matrix used to determine the value of the 

seven eco-efficiency elements used in the research, as shown 

in Table 3. Then, the element ranking process is carried out, 

with the ranking order of the eco-efficiency elements shown 

in Table 3. 

Table 3. Eco-efficiency elements ranking matrix 

Eco-effi-

ciency El-

ement  

MR ER TR RC RS PD PS 
To-

tal 

Rank-

ing 

MR  0 0 1 1 1 1 4 3 

ER 1  0 1 1 1 1 5 2 

TR 1 1  1 1 1 1 6 1 

RC 0 0 0  0 0 0 0 7 

RS 0 0 0 1  1 1 3 4 

PD 0 0 0 1 0  1 2 5 

PS 0 0 0 1 0 0  1 6 

 

Based on Table 3, the level of importance of one element to 

another element is as follows: 

1. Material reduction (MR) is not more important than 

toxicity reduction (TR) and energy reduction (ER), but 

it is more important than the other four elements. 

2. Energy reduction (ER) is not more important than tox-

icity reduction (TR) but is more important than the 

other five elements. 

3. Toxicity reduction (TR) is the most important element. 

4. Increase recyclability (RC) is the least important ele-

ment. 

5. Increasing resource sustainability (RS) is not more im-

portant than toxicity reduction (TR), energy reduction 

(ER), and material reduction (MR), but it is more im-

portant than the other three elements. 

6. Increasing product durability (PD) is more important 

than increasing product service (PS) and recyclability 

(RC) but not more important than the other four ele-

ments. 

7. Increasing product service (PS) is more important than 

increasing recyclability (RC) but not more important 

than the other five elements. 

So, it can be said that toxicity reduction is the most im-

portant element, then energy reduction, material reduction, in-

creased sustainable resources, increased product durability, 

increased product service, and the last but least important, in-

creased recyclability. 

4.3. Solution generation 

4.3.1. Part analysis 

The product that will be developed in this research is a bed-

side table product that the company has produced. This prod-

uct was chosen because it has a high market and selling value 

and makes it possible to use wood chip waste as raw material. 

The product design can be seen in Figure 2. The design is de-

constructed to identify its component parts. 

 

Fig. 2. Exploded reference design 

The bedside table uses three types of parts in the form of one 

square tabletop, two side frames and two square legs. So, the 

product has 5 parts with a summary of the part analysis, which 

can be seen in Table 4. 

Table 4. Summary of part analysis 

No Part Name 
Amount 

(unit) 

Size (mm) 

L W T 

1 Tabletop 1 500 420 24 

2 Table leg 2 500 500 24 

3 Side Frame 2 500 40 40 

 

The right and left side panels function as the right and left 

legs to support the table so that it remains standing firmly. This 

table only has 2 legs but is as wide as the side of the table. This 

panel is rectangular. Then, the rectangular tabletop has the 

main function as a place to put items. Then, the right and left 

frames are used to connect the side panels to the tabletop using 

wooden pins. 

4.3.2. Concept analysis 

In concept analysis, the process of identifying product de-

sign ideas is carried out. In this research, identification was 

carried out by interviewing company employees and manag-

ers. From the results of the interview, it is known that, first, 

the product is made with a minimalist concept. The company 

considers the minimalist concept to be the most popular de-

sign. Then minimalist designs do not require a long process to 

produce products so they can be distributed to the market. The 
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minimalist design concept describes comfort that arises from 

a good balance of color, shape and density of a space. Apart 

from prioritizing balance, the minimalist design concept is 

also a design concept that prioritizes efficiency. 

The minimalist design concept aims to make products better 

without using many unnecessary things. It can be said that in 

the minimalist design concept, quality is more important than 

quantity. This means that it is better to make items that are 

quality, durable and have many functions compared to many 

types of furniture that are easily damaged and do not last long. 

Then, the most important thing about a minimalist design con-

cept is the ability of this concept to appreciate simplicity. The 

minimalist design concept is a concept that respects space. 

Therefore, this concept prioritizes space over details for 

beauty. According to the minimalist design concept, space is 

part of beauty. 

The second concept produced in interviews with companies 

is multifunctional, especially additional storage such as draw-

ers, cupboards, and shelves. According to IKEA Indonesia In-

terior Designer Indy Anindita, Indonesian people are people 

who like collecting things. Old items that are no longer used, 

sometimes even damaged, can fill the room. From this state-

ment, it is known that society's need is for storage. So, furni-

ture with a multifunctional concept is one aspect that must be 

present in product design. In the Big Indonesian Dictionary, 

multifunctional is something that has various tasks or func-

tions. It can be interpreted as multifunctional furniture as fur-

niture that has more than one function in one object. Multi-

functional furniture serves standard furniture purposes while 

providing additional value through its versatility. Because 

from an ergonomic and economic perspective, this furniture is 

in great demand. This type of furniture is suitable for narrow 

spaces such as apartments and simple houses. Multifunctional 

furniture can optimize the use of space, where the furniture 

can be used for more than one activity. In this research, 2 prod-

uct functions must be highlighted. The first is the main func-

tion of the product itself, namely as place-to-place items that 

are often used or removed at night, such as books, laptops, 

glasses, and watches, and used as place-to-place bed decora-

tions, such as flowers or night lights. The second function is 

an additional function where this function is used as a support 

to make the product more unique or appear to be really needed 

by customers. The additional function in this research is stor-

age as a place to store goods. This storage space accommo-

dates nighttime essentials, maintaining a tidy appearance 

when items are not in use. Space efficiency is very useful 

when using small spaces because, with efficient space, the use 

of indoor activities can also be utilized well and as optimally 

as possible. With limited living space, space efficiency is 

needed, so the use of multifunctional furniture will be very 

necessary for the many existing needs. 

The third concept is unity. Based on the classification of 

types of waste that has been made, the type of waste used as 

raw material is waste that is large enough to be made into 

small blocks measuring around 50 mm x 150 mm with a thick-

ness of 30 mm. At the initial stage of the production process, 

wood waste must be cut into small blocks. This is then done 

by uniting the small blocks into a blockboard. This block 

board looks like an ordinary square board that can be pro-

cessed into furniture products like primary wood raw material. 

The TRIZEE design incorporates three concept analyses: min-

imalist, multifunctional, and unity. The bedside table is rela-

tively simple, and the manufacturing process remains the same 

as before. This research focuses solely on the design aspects 

rather than the process. Therefore, technology aspects are not 

analyzed in this study. 

4.4. TRIZEE design tools 

The use of TRIZEE design tools aims to find generation so-

lutions to design problems. TRIZEE is used to obtain product 

specifications to be designed. This specification is obtained by 

carrying out iterations of the part results or concept analysis. 

In this research, part analysis was not carried out again be-

cause it did not make significant changes to the product. This 

research focuses on designing products to add variety, not on 

designing new bedside table products. The result of the con-

cept analysis is to obtain three categories of concepts that will 

be used in designing products, namely minimalism, unity and 

multifunction. TRIZEE design tools are the core of the 

TRIZEE design method. Table 5 in the Appendix shows the 

use of TRIZEE design tools in this research. 

The unity product concept is linked to toxicity, energy, ma-

terial reduction, and increasing recyclability. The toxicity re-

duction concept is linked to the principle of taking out and re-

placing regular adhesive with non-toxic adhesive when 

combining pieces of wood as raw material. Energy reduction 

concepts are linked to the principle of copying. The electrical 

energy consumption of the waste chip splitting machine is 

smaller than that of the log sawmill machine during the cutting 

process. Then, 40 TRIZ principal iterations were carried out 

on this concept, which resulted in three iterations. The first 

iteration produces the segmentation principle: changing or 

making the product into small blocks. Segmentation is used to 

divide an object into mutually independent parts (Liu, 2023). 

Then, the next iteration produces the copying principle to re-

produce small blocks made from pieces of wood. The final it-

eration resulted in the merging principle for joining small 

blocks using non-toxic adhesive into a wide block board. In-

creasing recyclability is linked to blessing in disguise or turn-

ing lemon into lemonade because it uses wood waste materials 

to make the product. The principle of blessing in disguise or 

turning a lemon into lemonade relates to the utilization of det-

rimental factors (in particular, harmful impacts from the envi-

ronment) to achieve positive effects (Zhang et al., 2003). 

Furthermore, the multifunctional product is linked to mate-

rial reduction and increasing resource sustainability. The ma-

terial reduction concept is linked to the universality principle 

because making a part or object perform multiple functions 

will reduce material usage. Increasing resources sustainability 

concept because apart from being used as a place to store 

goods, the product can also be used for storing things. This 

principle is linked to local quality because the product has a 

different and more useful function than its main function. Lo-

cal quality is used to make different parts of an object have 

different functions (Liu, 2023). This research's findings align 
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with Li et al. (2023), who applied local quality principles to 

design multifunctional sanitation vehicles.  Iterated is then 

done seven times. The first iteration produces the principle of 

local quality because the table will use additional storage as a 

function that is different and useful from its main function. 

The second iteration resulted in local quality principles for 

adding storage in the form of drawers. The third iteration pro-

duces local quality principles for adding storage in the form of 

cupboards or shelves. The fourth iteration produces the nested 

doll principle for placing the cupboard inside the table. Nest 

dolls are used to insert one object into another object, then in-

sert the two combined objects into a third object, and so on 

(Liu, 2023). Then, the fifth iteration produces the nested doll 

principle for placing retractable drawers in the table. Then, the 

sixth iteration produces the nested doll principle for making 

drawers with sizes adjusted to the table size used as a refer-

ence. Then, the seventh iteration produces the nested doll prin-

ciple for making cupboards that are adjusted in size to the ta-

ble, which is used as a design reference. This research is in 

line with (Wang, 2020), which uses four inventive principles 

in designing multi-function tablets, one of which is a nest. 

Then, the minimalist concept is associated with the concept 

of toxicity and material reduction as an option in the eco-effi-

ciency element. This is because minimalist product design 

aims to use materials efficiently and effectively, so the process 

used to make the product is also more effective. Then, taking 

out was chosen in the 40 principles of TRIZ because minimal-

ist design aims to eliminate materials or parts that are not im-

portant, so only select the parts (or properties) that are needed 

(Russo and Spreafico, 2020). Then, iterated on the 40 TRIZ 

principles, the result was the color change category, namely, 

in minimalist design, you need to use natural colors. IAWF 

natural dyes were chosen as environmentally friendly dyes 

(Darmono, 2010). 

4.5. Solution (design results) 

By using the results of the TRIZEE design tools, the design 

process was carried out. The specifications obtained are used 

as a reference for designing products. From the design pro-

cess, four types of design alternatives were obtained as the re-

sult. The design results can be seen in Figure 3. 

There are four designs produced to add variety to the com-

pany's bedside table designs. These four types of designs are 

different from each other. Even though they are different, the 

overall variations produced are still following the established 

concept, namely minimalism multifunctional, which in this 

case is the addition of storage in the form of cupboards 

(shelves) and drawers, as well as unity. 

The first alternative product design is a bedside table prod-

uct design that has one open cupboard and one closed drawer. 

The general design of this product is almost the same as the 

reference product. The difference lies in the addition of draw-

ers and cupboards. The size of the drawer is adjusted to the 

length and width of the table. Drawer height is 100 mm. This 

size is the standard drawer size for products made by the com-

pany. The cupboards made with this product have length and 

width sizes that are adjusted to the dimensions of the table. 

The height is taken from the Ministry of Education and Cul-

ture's standard for the height of a bookshelf, namely 250 mm. 

The second alternative product design is a bedside table de-

sign, which has one open drawer and 1 open cupboard. The 

dimensions of the drawers and cupboards are the same as the 

first bedside table product. There are not many differences be-

tween the first and second product designs. The only differ-

ence lies in the drawer. The first product design has a closed 

drawer that can be opened by pulling it out, while the second 

product design has an open drawer that cannot be pulled out. 

This drawer is designed as a compact cabinet with reduced 

height. 

The third alternative product design has slight differences 

from the first and second products. This difference lies on the 

side where there is no frame connecting the side panel to the 

top panel. The square table features identical storage dimen-

sions to the first design. 

The fourth product design alternative is a product that has 

slight differences from the third product design with almost 

the same size and dimensions. The size of the storage and the 

shape of the storage are also the same, in the form of a closed 

drawer that can be pulled out and an open cupboard. The 

fourth design features a crown molding on top, distinguishing 

it from the third design's flat surface.  This is done to add to 

the aesthetics of the product. An additional function for this 

part, apart from aesthetics, is also to prevent items placed on 

the table, such as bed lamps and flowers, from falling onto the 

floor due to regular shaking. 

 

  

a 

 

b 

  
c d 

Fig. 3. Design results: a) Alternative 1, b) Alternative 2, c) Alterna-

tive 3, and d) Alternative 4 

Survey is conducted to determine the best alternative design. 

Based on survey of buyers, the best alternative design chosen 

is alternative 1. The evaluation and further analysis are carried 

out based on alternative 1.  
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4.6. Evaluation 

The evaluation carried out in this research was by looking 

for the X value (Equation 1), which compares the eco-effi-

ciency element values of old version of the products with new 

version of products chosen which is alternative 1. There are 7 

eco-efficiency elements used. A new product will get a score 

of 1 if it is more efficient than the old product and will get a 

score of 0 if it is not more efficient than the old product. Then, 

the old product will get a value of 1 if it is more efficient than 

the new product and will get a value of 0 if it is not more effi-

cient than the new product, as shown in Table 6. 

Table 6. Eco-efficiency the new and old product 

Eco-effi-

ciency El-

ement 

Old 

Prod-

uct 

New 

Prod-

uct 

Information 

MR 1 0 

The material volume of old 

products is less than new prod-

ucts 

ER 0 1 

The electrical energy consump-

tion of the waste chip splitting 

machine is smaller than that of 

the log sawmill machine 

TR 0 1 
The new product does not use 

toxic materials 

RC 0 1 

The new product uses waste 

wood chips as raw material, 

while the old product uses logs. 

RS 1 1 
New and old products use wood 

as raw material. 

PD 1 0 

Old products use solid wood, 

while new products use wooden 

block boards made from small 

blocks. 

PS 0 1 

Apart from being a bedside ta-

ble, the new product also pro-

vides additional functions in the 

form of storage. 

 

The evaluation stage provides an overview for the company 

about the improved environmental performance provided by 

the new product. The material reduction (MR) element is 

given a value of 1 for old products and a value of 0 for new 

products because new products increase material use due to 

additional parts in the form of back panels, drawers and mid-

dle panels. In the energy reduction (ER) element, the old prod-

uct gets a value of 0, and the new product gets a value of 1 

because the old product uses a sawmill to process its raw ma-

terials with greater electricity consumption compared to pro-

cessing the new product's wood chip waste using a split ma-

chine. In the toxic reduction (TR) element, old products are 

given a value of 0 and new products are given a value of 1 

because the new products use environmentally friendly water-

based dyes. In the increased recyclability (RC) element, new 

products are given a value of 1 because they use wood waste 

as raw material, while old products use logs. In the increased 

resource sustainable (RS) element, both products are given a 

value of 1 because the raw material used is wood, which is a 

renewable and sustainable resource. In the increased product 

durability (PD) element, a value of 1 is given to the old 

product because it uses raw logs, which are sturdier than the 

raw material for the new product, which is a combination of 

wood scrap waste. Finally, the increased product service (PS) 

element is given a value of 1 for new products because of the 

additional function provided in the form of storage. As a re-

sult, the old product gets a score of 3, and the new product gets 

a score of 5. From equation 1, the X factor value is 1.67; this 

shows that the new product is more eco-efficient than the old 

product. This result shows that from the aspects of cost, mar-

ket value and environmentally friendly costs, new products are 

better than old products because eco-efficient value creation is 

characterized by a combined analysis of costs, market value 

and environmentally friendly costs (Vogtlander et al., 2017). 

Efficient shows that the new product uses minimal materials 

and energy. Eco-efficient refers more to eco-effective because 

it is more oriented towards optimal value rather than minimum 

cost  (Wever and Vogtländer, 2013). 

4.7. Production capacity 

The raw material used in making bedside tables is waste 

wood chips from fabrication. These pieces of wood waste are 

large enough to be reprocessed. The company does not include 

this material as primary raw material because of its low qual-

ity. The quality of the wood is lower because the size of the 

wood is smaller, and the water content is higher, which means 

it breaks more easily. This condition is because most of the 

wood scrap waste is the outer part of the wooden board. The 

number of pieces of wood waste from the material processing 

process is relatively large, so it needs to be utilized. 

As an illustration, the company purchased 104 pieces of 

wood with a volume of 35.85 m3 for one month's needs. The 

wood chip waste produced was 4,056 m3. This waste is equiv-

alent to the volume of 11 logs. By utilizing this scrap waste, 

the company will save at least the cost of 11 logs. This is an 

advantage worth considering for companies. Apart from being 

profitable in terms of profit, the company has also reduced the 

number of trees that have to be cut down from the wild. The 

company can use waste wood chips to make 89 block boards 

measuring 1,200 mm x 600 mm x 30 mm (company standard). 

By using data on length and width dimensions without consid-

ering thickness, the availability of block boards is 64,080,000 

mm2, and the need for block boards for a bedside table is 

1,116,304 mm2 as in Table 7, it is possible to calculate the 

number of bedside tables that the company can make. So, the 

production capacity for bedside table products is around 56 

pieces per month. 

A cost-benefit analysis (CBA) can be used to measure the 

financial feasibility of utilizing waste in new products 

(Chaerul and Rahayu, 2019). CBA is a measurement method 

for determining the value of benefits obtained from a pro-

cess/activity (Misuraca, 2014). Several researchers also use 

CBA to measure the effectiveness of waste management, such 

as waste management in Romania (Ghinea and Gavrilescu, 

2016), food waste management in Singapore (Ahamed et al., 

2016), solid waste management (Martinez-Sanchez et al., 

2015). 
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Table 7. Dimensional requirements for bedside tables 

Part Name 
Thickness 

(mm) 

Length 

(mm) 

Width 

(mm) 

Area 

(mm2) 

Top Panel 24 500 420 210,000 

Right Panel 24 476 500 238,000 

Left Panel 24 476 500 238,000 

Back Panel 24 476 452 215,152 

Middle 

Panel 
24 476 452 215,152 

Total 1,116,304 

 

The selling price of wood waste is IDR. 25,000 per sack. 

Meanwhile, the company's selling price for bedside tables is 

between IDR 2,000,000 to IDR 3,000,000. Because the raw 

material used is wood waste, the temporary selling price is 

IDR 1,000,000. It can be assumed  that one sack of wood can 

be used to make one bedside table. Converting wood waste 

into products increases profits by 39% compared to selling 

raw waste. However, this profit percentage is only seen from 

the aspect of material use without considering other cost as-

pects. Including additional cost factors would reduce potential 

profits.  However, the profits obtained are still much greater 

than selling it in the form of waste. Apart from providing eco-

nomic benefits, this utilization will also reduce furniture in-

dustry waste to move towards a circular economy (Hartini et 

al., 2021). 

5. Summary and conclusion 

This research resulted in a bedside table product design us-

ing waste wood chips as raw material. The design was carried 

out by combining minimalist, multifunctional and unity con-

cepts with the TRIZEE method. The minimalist concept is as-

sociated with the concept of toxicity reduction by using envi-

ronmentally friendly dyes and the concept of material 

reduction by eliminating unimportant parts thus saving raw 

materials. The multifunction concept is associated with mate-

rial reduction and sustainable resources by utilizing products 

not only for a table, but also as a place to store goods. The 

unity product concept is linked to toxicity reduction by replac-

ing adhesive with non-toxic adhesive; energy reduction by us-

ing lower energy of cutting machine; material reduction by 

utilizing wood waste as raw materials; and increased recycla-

bility by utilizing wood waste that can optimize the existing 

resources. Converting wood waste into products increases 

profits by 39% compared to selling raw waste. Based on the 

resulting design, with 4,056 m3 of wood scrap waste, equiva-

lent to the volume of 11 logs, it can produce 56 units of bed-

side table products. Apart from providing large profits for the 

company, replacing logs with wood waste cuts is also reduc-

ing raw material costs and an effort to save on the use of felled 

wood from the forest. The calculation of profits in this re-

search only involves saving costs from using wood log mate-

rials; for future research, it can be developed by calculating 

other costs involved in making this product.   

As with all research, this study has several limitations to 

consider in interpreting the result. First, this research still fo-

cuses on designing wooden furniture based on wood chip 

waste; further research can design another type of furniture 

besides wood and can utilize other types of waste such as pow-

der, bark, end pieces, etc.  Second, the design concept and so-

lution generation is generated based on interview that is con-

ducted with managers and designer employees of PT X. The 

design chosen by the company may be different from the de-

sign desired by consumers. Future research is by combining 

the TRIZEE using Green QFD to capture the voice of custom-

ers. It is possible to create a better product design that can cap-

ture comprehensive customer desires.  
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Appendix 
 

Table 5. TRIZEE design tools 

Concept 

Element 
Eco-efficiency element TRIZ Principle 

Unity 
TR: Combining pieces of 

wood as raw material  

#2 Taking out 

Replace regular adhesive with non-toxic adhesive. 

 ER: Use of electricity for the 

material-cutting process  

#26 Copying 

The electrical energy consumption of the waste chip splitting machine is smaller than that of 

the log sawmill machine 

 

MR: Using wood waste as 

raw material  

#1 Segmentation 

Cut wood waste in the form of pieces into small blocks  

 #26 Copying 

Multiply small blocks  

 #5 Merging 

Combining pieces of small blocks into block boards 

 
RC: Putting together waste 

wood scraps to make prod-

ucts  

#22 Blessing in disguise or turn lemon into lemonade 

Optimizing existing resources by utilizing wood waste 

Multi-

function 

MR: Create one product with 

many functions  

#6 Universality 

Making a part or object perform multiple functions will reduce material usage. 

 

RS: Apart from being a ta-

ble, the product is also used 

as a place to store goods.  

#3 Local quality. 

Has different and useful functions  

 #3 Local quality. 

Table with additional storage in the form of drawers  

 #3 Local quality. 

Storage in the form of a cupboard 

 #7 Nested doll 

Place the cupboard inside the table  

 #7 Nested doll 

Place a retractable drawer on the table  

 #7 Nested doll 

The size of the cupboard is adjusted to the size of the table 

 #7 Nested doll 

The size of the drawer is adjusted to the size of the table  

Minimal-

ist 

TR: Product coloring 

 

#2 Taking out 

Replacing ordinary dyes with environmentally friendly dyes 

MR: Use resources effi-

ciently 

#34 Discarding and recovering 

Eliminate unimportant parts, thus saving raw materials 

 


